reported a useful correlation (r = 0.78) of RPP to MVO2 during halothane or morphine anaesthesia. To further investigate this relationship, we men sured coronary sinus blood flow (CSF) and calculated MVO2 in 26 patients having aorto-coronary bypass under halothane or morphine anaesthesia, using their methodology. 3 We did not confirm a useful correlation of RPP or TP to MVOz.
The accuracy, and hence usefulness, of indirect indicators of myocardial oxygen consumption (MVO2) are currently of much interest in anaesthesia. A critical question is whether a simple determination such as rate pressure product or triple product accurately reflect changes in MVO2. Are they useful predictors of myocardial ischaemia? Both heart rate and systolic blood pressure are major determinants of MVO2. Triple product (TP) also includes systolic ejection time, another factor in the rate of myocardial oxygen usage. Both Nelson et al. J in awake, normal subjects, and Bailer et al. 2 in awake patients with coronary disease, have reported close correlations of MVO2 and RPP.
If this accuracy holds during anaesthesia, a valuable, simple means of monitoring MVO2 is readily available. There has been little information in anaesthetized patients until recently, because of the difficulties of determining MVO2. In a study of patients with coronary disease, Wilkinson et al. 3 reported a useful correlation (r = 0.78) of RPP to MVO2 during halothane or morphine anaesthesia. To further investigate this relationship, we men sured coronary sinus blood flow (CSF) and calculated MVO2 in 26 patients having aorto-coronary bypass under halothane or morphine anaesthesia, using their methodology. 3 We did not confirm a useful correlation of RPP or TP to MVOz. of these patients were the subject of a previous study of morphine or halothane anaesthesia. 4 There were 20 males and six females whose mean age was 58 years with a mean weight of 77 Kg. Nineteen had previous myocardial infarction but all had wellpreserved ventricular function. Preoperative mean ejection fraction was 0.69 and mean left ventricular end-diastolic pressure (LVEDP) was 14mmHg. Twenty-three were taking propranolol, most of them 80mg daily. Their disability by N.Y.H.A. classification was: Class I1 -11, Class Ill -10 and Class IV 5. They had a mean of 3.8 vein grafts.
Criteria for exclusion were: valvular heart disease, essential hypertension (diastolic > 105 mmHg), diabetes mellitus, significant pulmonary disease, LVEDP > 20mmHg at rest and those within two weeks of myocardial infarction. 
Methods
Premedication was secobarbital (3mg.kg -l) and morphine (0.25 mg.kg-I). With local anaesthesia, we placed a radial arterial cannula and two thermodilution catheters, both via the Seldinger technique, into the right internal jugular vein One was a triple lumen catheter ~ floated into the pulmonary aaery (Edwards, Santa Ana, California). The second was a special preshaped 7 Fr. catheter that was manipulated into the coronary sinus, guided by fluoroscopy. A series of measurements was done: (I) before induction of anaesthesia; (2) after induction; (3) after intubation; and (4) before and (5) after sternotomy. Each series included a recording of blood pressure, electrocardiogram and pulse rate (VR 6 Electronics for Medicine), measurement of total coronary sinus flow s and drawing of simultaneous blood samples (arterial and coronary sinus). From the latter, haemoglobin and oxygen saturation were determined by co-oximetry (Instrumentation Laboratory, Model 282) and lactate concentration, by the Marbach method. 7 Systolic blood pressure and pulse rate were multiplied to obtain RPP. Systolic ejection time, measured from the record, was multiplied by the RPP to obtain the triple product. Coronary sinus flow was measured by a technique of continuous flow thermodilution. ~ MVO2 was calculated in ml/minute from total CSF (ml/min.) and the arterial-coronary sinus difference of oxygen content (ml O2/dl). MVO2 represents the oxygen consumption of the left FIGURE 1 Regression analysis of MVOz to rate-pressure product, combining three studies: postimubation, prestemotomy and poststernotomy.
ventricle drained by the coronary sinus, approximately 95 per cent of the free wall and septum. Lacta:e extraction or production, by the myocardium, was calculated in per cent, by the formula: Art-CS/Art, with Art and CS the arterial and coronary sinus concentrations of lactate in n~q/L.
Seventeen patients had halothane-oxygen anaes thesia and nine had morphine (lmg'kg -t) and oxygen. 4 Induction with halothane began after a small dose of thiopental (mean 137 rag), while that with morphine included diazepam (mean 10.8 rag) before intubation. A mean dose of 7.8rag of pancurortium was given before intubation. Five patients in each of the two anaesthetic regimens were given intravenous propranolol (0. [ mg'kg -~ ) an hour before induction.
Statistical analyses
Analysis of repeated measures and regression analyses were done separately for each of the five study series, from the awake stale through posternotomy, using (1) RPP and MVOz, and (2) TP and MVO2. In addition, each linear regression model was calculated with all data, as well as excluding any data points (outliers), distant from the main group. Statistical significance was accepted as p < 
FIGURE 5
The presternotorny study was the only time that MVOz and triple product were significantly correlated in the absence of two outlying points.
The only outlying data point in three of the studies (awake, postinduction and poststernotomy), plus one of three outliers at postintubation and one of two outliers at presternotomy, i.e., five of all eight outlying data points, came from one patient. The Table provides detailed information on the variables from which RPP and MVO2 were derived, at each study time in this patient. His blood pressure, pulse rate and hence RPP, were elevated throughout; his above-normal CSF at all study times led to greatly increased MVO2 calculations.
Lactate extraction by the myocardium was present at all times except poststernotomy in two patients, who received morphine anaesthesia and in one having halothane. 4 No changes in ST segment configuration were noted at any time, although continuous recording was not done. Three patients bad EKG and enzymatic evidence of mild infarction postoperatively, in addition to one patient who infarcted during the pump-run. 4
Discussion
Patients with significant coronary disease have definite limitations to myocardial oxygen supply. Increases in heart rate and blood pressure from sympathetic stimulation during anaesthesia have great potential for exceeding the limits of that oxygen supply. If we are to avoid unidentified periods of intraoperative ischaemia a simple means of assessing myocardial oxygenation is clearly needed. Unfortunately, neither MV02 nor biochemical evidence of myocardial ischaemia (lactate production) is readily available in the operating room.
The possible usefulness of rate-pressure product as such a practical monitor came from cardiology. patients anaesthetized with halothane. Since the heart rate did not change, the best correlate of MVO2 was systolic pressure alone (r = 0.63). They measured coronary flow by an argon-washin technique. These same authors 9 similarly found a poor correlation (r = 0.66) in nine patients with coronary, disease, after high dose fentanyl (100 ixg-kg-1).
Wilkinson et al. 3 also reported, in 1979, the study of 16 patients having coronary grafting, during morphine or halothane anaesthesia, using the same thermodilution method for coronary sinus flow as we did. They found MVO2 and RPP to have a useful correlation (r = 0.78). Subsequently these workers1~ reported a good correlation of MVO2 and RPP during morphine in dogs (r = 0.71) or morphine-halothane (r = 0.84) anaesthesia. They concluded that RPP is the best correlate of MVO2 over a wide range of ventricular afterioad states under morphine-halothane anaesthesia.
Our present communication emanated from a study'* of coronary flow and MV02, before and during morphine or haiothane anaesthesia, for coronary grafting. We examined the correlations of MVO~ to RPP and TP, before induction of anaesthesia and at four times during anaesthesia, before extracorporeal circulation, to re-examine the positive correlative findings of Wilkinson, 3 using these same anaesthetic regimens and investigative techniques.
In essence we found that significant correlation of MVO2 to RPP (or TP) depends upon the precise details of the statistical analysis. Our analyses were done by repeated measures, regression analyses, on the data obtained at each separate study, with patients awake and at four different times during anaesthesia.
A regression model n consisting of one dependent variable and one independent variable can be written as: One of the assumptions of the regression model concerns the error term El. It is assumed that these errors are normally distributed, with mean, ~ = 0 and variance O 2. Additionally, the model assumes that the error for each observation, is independent of the error terms for other observations. If this assumption of independence is violated, i.e., the error terms are dependent, the estimated regression parameters, Bo and Bi, are still unbiased, but standard deviation may be underestimated, affecting tests of significance. The effect is to decrease the p value and increase the likelihood of significance.
In our study, several measures were obtained for each subject under different conditions: a repeated measures design. It seems reasonable to assume that for any given subject these measures will be correlatcd. When we include the data points from each subject at several sequential study series, in a single regression analysis, it is likely that we l0 CANADIAN ANAESTHETISTS ~ SOCIETY JOURNAL are violating the assumption of independent error terms.
That situation is exemplied in Figure 1 , with data combined from three of our series during anaesthesia Since it is incorrect to do significance tests on pooled data, we can draw no conclusions as to correlations. Contrast this with the study of Wilkinson et at. 3 They found a p < 0.05 correlation of MVO: and RPP, both expressed as percent of control with an r = 0.78. However, they analysed together, data from two studies (postintubation and poststemotomy) on the same patients. Their positive correlation of RPP and MVO2 may have been due to this pooling of non-independent data.
The linear regression analysis for each of our separate studies illustrates another statistical pitfall: the use of outliers+ In all but one study, omitting data points that are far from the clustered remainder, destroyed the significant correlation of MV02 to RPP or TP. We believe that removal of outliers in our data is a statistically conservative technique designed to reduce a spuriously inflated r value+ It is possibte that Wilkinson's findings were influenced by the inclusion of outliers.
However, outlying points should have an explanation fur their distance from the remaining population and hence justification for their noninclusion in the statistical analyses~ That is possible for five of the eight outliers in the five sequential studies. Those points were all from one patient who was different from the other 25 preoperatively and who behaved differently during anaesthesia. He was younger (46 years), by far the most obese (lllKg) with a history of heavy smoking and alcohol intake; he was not taking a beta-blocking drug. For the whole group the mean age was 58 years and weight 77Kg. Twenty-three of the remaining 25 patients were on propranolol. This patient at the awake study in the operating room, had a higher blood pressure, heart rate and coronary flow (by 50 per cent) than average for the group; his MVO~ at that time was double the average+ 4 Halothane-oxygen anaesthesia was not successful in depressing the MAP, CSF or MVO2. The increase in heart rate reflected the absence of beta block. Consequently the calculated RPP and MVO2 remained high throughout the sequence of studies. This patient was clearly of a different population with a different response to anaesthesia. Hence data from his study ought not to be included. Without it there are no positive correlations at four of the five study times, including the awake premedicated state. We can discern no specific reasons for the presence of the other three outlying data points.
Barash m has reviewed the use and limitations of RPP as a criterion of adequacy of myocardial oxygenation, pointing out the separate effects of rate and systolic pressure changes. The latter may explain why good correlation of MVO2 to RPP has been documented in awake patients and not by us during anaesthesia. The responses of the circulation to exercise include increased cardiac output and heart rate and reduced peripheral resistance. The circulatory responses to the anaesthetic state are accepted as decreased contractility with less change in rate. In this present study, total peripheral resistance fell upon induction with both agents and remained at awake, normal level during the remainder of the period# So increased resistance was not a factor in the lack of correlation. In addition, sympathetic stimulation (intubating and surgical), introduces another set of responses that alter afterload and ventricular filling time. Possibly the reduction of the usual sympathetic response during adequate anaesthesia blunts the increase in MVOz that should take place from increased blood pressure and heart rate.
We must consider whether the lack of correlation may be due to imprecision on the MVO~ side of the equation, rather than the RPP side. The technique of CSF measurements is closely reproducible in our hands. In 12 awake patients, duplicate flow measurements done three minutes apart, were 113.8 + 0.01 and 112.9 _-x-0.1ml/minute (unpublished data). Determinations of haemoglobin and oxygen saturation are similarly accurate. What is less sure is the interpretation of oxygen content of coronary sinus blood as an indicator ofischaemia. That blood is a pool from all areas of left ven~cular muscle. Significant deficits of oxygen in some segments could be masked by adequate oxygen in blood from well-perfused areas. A decreased in CS oxygen content likely means that a large proportion of ventricle is ischaemie; one must look for lactate production to verify this. So our present ability to document the state of oxygenation of ventricular muscle is hampered by the inability to draw conclusions as to regional oxygenation. Perhaps documenting only global oxygen consumption is not sufficiently precise to demonstrate a correlation with RPP.
In our study the three patients, with clear evidence of myocardial ischaemia (lactate production) after sternotomy, had RPPs of 6,120, 13,800 and 16,025. The three patients, with evidence of mild infarction postoperatively, had a RPP poststernotomy of 6,510, 12,900 and 13,800, with only the latter showing myocardial lactate production at any measured time prepump. ST segment changes were not seen in any of the 26 patients.
We found that rate-pressure product or triple product and MVOz correlates poorly, both when awake and during anaesthesia. Given the RPP, it is virtually impossible to estimate or predict MVO2. Also given the RPP in an abnormal range, it seems unlikely that one can predict the presence of an abnormal MVO2. We conclude that RPP is not a precise indicator of the state of myocardial oxygenation in the anaesthetized patient. We see, as yet, no simple monitoring predictor of when, in the course of increasing heart rate and blood pressure, potentially irreversible myocardial ischaemia occurs in coronary patients, in the absence of such information, keeping heart rate and blood pressure at, or below, awake values seems the safest course.
